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ANTECEDENTES: Una de las consecuencias de los procesos industriales modernos es 
la liberación al medio ambiente de una gama cada vez más amplia, y a mayores 
niveles, de nuevas sustancias químicas, la mayor parte de ellas persistentes a lo largo 
de años. Esto ha despertado una creciente preocupación sobre sus efectos en la salud 
reproductiva.  Las investigaciones se han centrado principalmente en el análisis de los 
efectos sobre la capacidad reproductiva del adulto y, en menor medida, en los efectos 
sobre el desarrollo fetal y la salud del recién nacido. Por otro lado la mayor parte de los 
estudios publicados hacen referencia a exposiciones ocupacionales o desastres 
naturales pero en España no se ha llevado a cabo ninguna investigación sobre los 
efectos de la contaminación industrial en la salud reproductiva. 
OBJETIVOS: Describir la distribución espacial del riesgo de muy prematuro (MPT), 
prematuro moderado (PTM), muy bajo peso (MBP), bajo peso moderado (BPM) y 
pequeño para edad gestacional (PEG) para todos los nacimientos ocurridos en España 
en el periodo 2004-2008. Explorar la posible asociación entre estos resultados 
reproductivos adversos y la proximidad a industrias contaminantes. 
METODOLOGIÁ: Estudio ecológico. Se utilizaron modelos jerárquicos bayesianos 
para calcular la distribución del riesgo de MPT, PTM, MPB, BPM y PEG en todos los 
municipios españoles, así como para explorar la asociación entre el riesgo de dichos 
resultados con la proximidad del municipio de residencia de la madre a industrias 
contaminantes (<3.5km). 
RESULTADOS: Algunos municipios de las Islas Canarias mostraron alto riesgo para 
todos los resultados adversos mencionados. El sur de España mostró un mayor riesgo 
de prematuridad, mientras que para la distribución de bajo peso y pequeño para edad 
gestacional no observó ningún patrón espacial.  Las asociaciones más fuertes se 
encontraron con proximidad a empresas de manejo de residuos (peligrosos, no 
peligrosos y sobre todo residuos animales) seguidas de empresas de productos 
farmacéuticos. No se encontró asociación con proximidad a refinerías, industria 
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CHAPTER 1: INTRODUCTION  
 
1.1  Environment and reproductive health. 
The prenatal period encompasses the most rapid and most important phase of human 
development. Poor intrauterine growth is an important predictor of survival and 
morbidity in childhood and can also have a big negative impact in adult health [1-9]. 
Prenatal development appears to proceed largely under instruction and direction from 
individuals’ genes. However this does not mean that it is immune to external 
influences. Indeed, numerous studies have demonstrated a high risk of abnormal fetal 
development and adverse reproductive outcomes associated with unfavorable socio-
economic conditions, mothers’ life-style and health status. Low socio-economic and 
educational level [10-13], maternal age [14-17], racial disparities [18-20], bad prenatal 
care [21, 22], or maternal occupation [23-25] are some examples of socio-demographic 
factors related to high risk of preterm birth (PTB), low birth weight (LBW) and small 
for gestational age (SGA). Regarding to mother’s life-style and health status during 
pregnancy, nutritional factors [26-29],  cigarette consumption  [30, 31], substance abuse 
[32-34] or stress [35] are also widely established as risk factors for adverse reproductive 
outcomes. However, although etiologic research has focused mainly on these 
proximate risk factors, individual characteristics and behaviors, it seems that 
individual-level factors have only been able to partially explain poor reproductive 
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outcomes in some populations. In the last years, many epidemiologists have pointed 
out the neglected importance of environment as a major contributor to reproductive 
risk.   
Humans are exposed to environmental pollution at home, in the workplace, or in the 
community via contaminated soil, air, water or food. Environmental pollutants include 
organic and inorganic substances that are harmful to human health. Pollutants enter 
the body in one or more of three ways: inhalation, ingestion, or absorption through the 
skin and can be stored in the organism for long periods of time.  
Every person exposed to pollution does not necessarily experience the same adverse 
health effects. It is obvious that, in addition to the exposure dose and the type of 
pollutants, many other factors can affect whether an exposure ultimately results in a 
harmful health effect [36]. Pregnant women and developing fetus are particularly 
vulnerable to the adverse impact of environmental aggressions [37-39]. Some recent 
reviews have revealed the existence of new evidence of the harmful effects that 
ambient pollution has in reproductive health [36, 40-42]. However large variability 
across studies in design, methods in exposure assessment and type of pollutant 
considered, limits the strength of the evidence of adverse affects of ambient air 
pollution on birth outcomes. One of the main sources of pollution is the industrial 






1.2 Effects of industrial pollution in reproductive health.  
One of the consequences of the modern industrial processes is the release to the 
environment of wider and higher levels of new chemical substances, most of them 
persistent in the environment through the years. During the last decades, an increased 
number of studies have been carried out looking for the links between environmental 
pollution and health.  Some studies have provided evidence that environmental 
exposure result in adverse effects on reproduction, suggesting that fetal development 
is one of the periods of greatest vulnerability to its effect, highlighting the need to 
prioritize research in this area.  
Research studies directly addressing the reproductive toxicity of industrial pollution 
have been conducted primarily on individuals subjected to occupational exposures [23, 
43-47] or exposed to severe industrial accidents [48-50]. Moreover, the industrial 
pollutants studied are still a minority within the wide range of pollutants dispersed in 
our environment. In addition, research has focused mainly on the analysis of effects on 
the reproductive capacity and, to a lesser extent, on effects on fetal development and 
newborns’ heath.  The evidence about the influence of occupational exposition to 
pollutants on the fetal development is not conclusive.   
Heavy metals such as mercury, lead or cadmium, solvents such as benzene and toluene 
and endocrine disrupters that interfere with hormonal activity as dioxins or 
polychlorinated biphenyls (PCBs) are an example of three toxic categories whose 
effects on the human reproductive process have been analyzed.  
There are also studies identifying residential exposure to industrial pollution as a risk 
factor for PTB, LBW or birth defects. Associations between risk of LBW or SGA and 
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proximity to combustion and thermal [51, 52], coke works or coal combustion [52-54] 
and hazardous and non hazardous waste [55, 56] plants have been described in the 
literature. However, its effect on preterm birth is less conclusive. Most studies on 
industrial pollution do not mention an effect on gestational age and the ones that do 
usually dismiss the evidence of association [57, 58].  Some other studies have suggested 
the absence of association between certain types of industrial pollution and adverse 
reproductive outcomes. [59-62] . 
Studies addressing the effects of specific contaminants also offer inconclusive results. It 
has been demonstrated that exposure in uterus to heavy metals like lead or cadmium, 
or to mercury or arsenic is associated with increased risk for brain damage, 
neurodevelopmental problems, congenital malformations, miscarriage and LBW [63-
66]. Air pollutants such as sulfur dioxide, pesticides, polychlorinated biphenyls (PCBs) 
or DDT are also linked to poor pregnancy outcomes such as abortion, stillbirth, PTB, 
LBW and miscarriage [45, 67-71]. However, other studies have not confirmed these 
associations [71-73]. Regarding the exposure to solvents, its negative influence on 
embryonic human development remains also inconsistent, with some studies reporting 
increased risk of spontaneous abortion or congenital malformations and others not [74-
76].  
The absence of conclusive evidence can be due, in many cases, to methodological 
difficulties addressing environmental studies. On the one hand, pollution is often a 
complex phenomenon frequently involving a multi-pollutant exposure and making it 
difficult to document scientifically a clear link between a specific toxic agent and a 
specific health effect. Even beyond, the isolate effect of some pollutants on health could 
differ from its effects when combined with other pollutants as often in real world. 
Timing of exposure is also another factor that strongly influences the ultimate 
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biological effect of continuous contact with several environmental pollutants. Although 
exposure to some substances can affect individuals at all stages of life, exposure during 
critical windows of susceptibility may have more significance. These windows can 
differ depending on the particular pollutants but probably include periods during 
gestation, childhood, adolescence, and adulthood. Regarding specifically the 
embryonic period, an additional challenge to demonstrate a relationship between some 
industrial pollutants and fetal health is the fact that damage caused by pollutants may 
be evident months or years after maternal exposure. The picture is further complicated 
when the aim is to identify the effects of low exposure to industrial pollutants on 
health. In this scenario, comparison with control subjects is difficult because in general, 
the entire population is exposed to some level of contamination.  
 
1.3 Industrial pollution and reproductive health in Spain 
In Spain, interest on the effect of environmental pollution on health has increased 
during the last years. However, it has mainly focused on its effects on mortality and 
cancer [77-79], especially in the case of industrial pollution. Few groups in our country 
are currently working in projects exploring effects of air pollution in reproductive 
results and none of them focus their attention on industrial pollution. As far as we 
know they are all part of the INMA (INfancia y Medio Ambiente [Spanish for 
Environment and Childhood]) project, that is a cooperative research network that aims 
to explore the effects of environment and diet on fetal and early childhood 
development [80, 81]. Some important results about exposure to certain pollutants and 
its effects on length of gestation and birth size had already been published as a result of 
this research [82-84]. 
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However, the number of pollutants measured and the number of areas participating in 
the study is still limited leaving many potential harmful exposures and high risk areas 
unexplored.  
 
1.4 Industrial pollution information sources. 
One of the major limitations when exploring the relationship between pollution and 
health has been the lack of reliable and public information about the emission levels 
and class of industrial pollutants released to the environment. The situation has begun 
to change since the establishment of specific legislations and more rigorous controls 
about the amount of pollutants released to the environment. In this context emerged in 
Spain in 2001 the Integrated pollution prevention and control (IPPC) directive [85], 
whose objective was “to avoid, and whenever not possible, to reduce and control the 
pollution by means of prevention and control”. From 2007 all facilities developing some of 
the industrial activities described in Annex 1 of the IPPC legislation are obliged to hold 
an environmental authorization to start their activity; the existing had to obtain the 
permit before October 2007. Therefore, all industries operating legally in Spain should 
be registered in IPPC databases.  
In line with this legislation the European Pollution Emission Register (EPER), adopted 
by the European Union in 2001 was implemented in Spain in 2007 as part of the IPPC 
register. The Pollutant Release and Transfer Registry (PRTR) came up as a modified 
version of EPER (2001), including more substances, pollutant releases to soil and 
information on accidental emissions, diffuse sources and off-site transfers. The new 
protocol’s objective was to encourage pollution reduction as well as to enhance public 
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access to information and to facilitate public participation. Indeed, it gives a great a 
source of information for environmental studies on effects of pollution in health. 
PRTR-Spain is the Spanish register of emission and pollutant sources that provides 
information on the pollutant releases from the industrial facilities under the specific 
legislation [86]. 
The operator of each of the facilities undertaking one or more of the 65 different 
activities registered in legislation with certain measures above the established 
thresholds, reports yearly the annual amounts to the competent authority of the 
following: 
• Releases to air, water and soil of 91 pollutants for which the release threshold is 
exceeded; 
• Off-site transfers of pollutants in waste water, for which the emission threshold is 
exceeded; and 
• Off-site transfers of hazardous waste exceeding 2 tons per year or of non-hazardous 
waste exceeding 2000 tons per year. The report indicates whether the waste is destined 
for recovery (R) or disposal (D) and, for trans-boundary movements of hazardous 
waste, the name and address of the recoverer or the disposer of the waste and the 









Figure 1.4.1 Information available in PRTR-Spain 
 
Figure 1.4.2 draws the structure of the flux of information used in PRRT-Spain to 
collect the information on pollutant releases. Facilities specified must provide with 
information about all its emissions at least once per year to the Competent Authorities 
in each of the autonomous communities. They can have their own reporting system or 
use the directly national tool of PRTR as shown in figure 1.3.3. This information is 
forwarded to the ministry of environment that incorporates this data to its IPPC 
register and sends PRTR the required information for the pertinent industries. PRTR-
Spain gives to the public all the information following the criteria of the European 
Regulation 166/2006 (E-PRTR) [86]. 




Figure 1.4.3 Reporting System 
 
 
To ensure the quality of the data on emissions provided, facilities should report, 
besides the emission data, in kg/year, also the method and, when appropriate, the 
standards used to determine the measurements.  Environmental authorization usually 
includes, not only the requirement on monitoring but also on how to determine 
emission data. The specification of estimation method as well as the actual 
measurement encourages consistency of reporting methodologies by facilities and 
therefore consistency of the data. 
In addition, the European PRTR requires operators to ensure the quality of the 
information that they report, which is afterwards assessed by the competent authorities 
to check the completeness, consistency, and credibility of the data. The Member States 
of the European Union should undertake inspections of facilities to check whether data 
are being reported accurately. They should also lay down the rules on penalties 
applicable to infringements of the provisions of the European PRTR Regulation and 
take all measures necessary to ensure that they are implemented [87]. 
Therefore IPPC register counts on information of all industrial facilities legally 
operating in our country with information on the amount of releases to air, water or 
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soil. This register allows identifying industries with emissions over certain thresholds 
that should be reported to PRTR.  
This database represents a reliable and pretty detailed source of information on 
industrial pollution that combined with birth data in an ecological study could answer 
some questions about the relationship between industrial pollution and adverse 
reproductive outcomes. 
Ecological research is experiencing an important enhancement with the advances in the 
field of spatial epidemiology.  At the same time, advances in spatial epidemiology are 
due to new developments in geographic information systems and computer 
technology as well as to awareness about the importance of the relationship between 
environment and health and the availability of address-level health data. 
 
1.5 Spatial Epidemiology 
Spatial data in epidemiology 
Back in 1854 we found the first and most famous case of spatial epidemiology: 
John Snow’s study of cholera outbreak in Soho neighborhood of London in 
1854. By talking to local residents he identified the source of the outbreak as the 
public water pump on Broad Street. In order to demonstrate this theory Snow 
represented all cholera cases and pumps in the Soho area and found cluster of 






Figure 1.2.1 John Snow Map of cases of cholera location for the cholera 
outbreak of London in 1854 
 
Applying statistical methods in spatial setting raises several challenges. Geographer 
and statistician Waldo Tobler summarized a key component affecting any analysis of 
spatially referenced data through his widely quoted and paraphrased firs law of 
geography: “Everything is related to everything else but near things are more related than far 
things”. The increasing interest in environmental studies to determine the effects of 
pollution in health has awaken an especial interest in spatial methods of analysis and 
many advances in computing, statistical methodology and geographical information 
system have been developed. This together with the availability of geographical 
indexed health and population data have enabled the realistic investigation of spatial 





Disparities in health outcomes across communities are a central concern in public 
health and epidemiology.  Methods of exploratory data analysis and geo-visualization 
are commonly used to provide insight into the patterns of the health outcomes.  
Disease mapping allows the estimation and presentation of areal summary measures of 
health outcomes to describe the spatial pattern of disease of a certain disease [89]. 
Choropleth maps of health outcome’s counts or rates, calculated for administrative 
units and drawn at a variety of scales, have long been used in public health and 
epidemiology, and their preparation is now supported by geographic information 
systems [90]. However mapping counts is not the best tool for inference about disease 
risk, since areas with larger population are expected to have larger disease counts. 
Rates account for population differences, but a map of rates might still obscure the 
spatial pattern in disease risk, particularly if the rates are based on populations of very 
different sizes. Since variability in the estimated local rate depends on population size, 
some rates might be better estimated than others. Rates based on small populations or 
small numbers of disease cases are likely to be elevated artificially, reflecting a lack of 
data rather than true elevated risk  [91]. This problem is especially latent when doing 
estimations in small areas, since counts of population and disease tend to be also small. 
Standardizing rates to make them comparable is another approach commonly used, 
however it can also mask important differences in the distribution of the numerator 
and the denominator. Standardization presents the risk of an outcome but obscures the 
absolute number of outcomes present. There are several solutions to avoid the problem 
and most of them use information from neighbours to smooth the risk of adverse 
results by taking into account the adjacent areas’ risk, generally using hierarchical 
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regression models with spatial random effects. Smoothing models used for this study 
are explained in more detail in the methods section. 
As an example we show figures 1.3.2 and 1.3.3 were the difference between a map of a 
comparative indicator figure and a map of smoothed relative risk (RR) can be 
observed. The comparative figure was calculated from dividing the standardized rate 
by the population rate and the smoothed relative risk was calculated using Bayesian 
hierarchical models. Both high and low raw relative risks are smoothed approaching 
the picture to a more realistic result where risks are not so extreme and close areas are 
more related than far areas.  
Figure 1.3.2 Map of municipal Preterm Birth comparative figure  

















Figure 1.3.2 Map of municipal Preterm Birth smoothed relative risk 








 >  1.5  
 
On the other hand, maps display the spatial properties of a data distribution 
(outcomes and covariates) but do not directly present the associated statistical 
distribution of the data.  There is, however, an alternative approach based on 
the use of spatial regression models that allow to link health and exposure data 
to analyze associations between exposures and adverse health events. It also 
allows to adjust analyses and maps for important covariate information and to 
more explicitly use spatial exposure measurement to help describe the spatial 






Ecological Inference  
Ecological studies allow exploring associations using information on disease and 
exposure factors at an aggregated scale but have the disadvantage that results might 
lead to conclusions different from those based on individual data. However, when 
previous studies in a new scenario are scarce (or inexistent) an ecological study 
represents the best options to set out the bases for future studies. 
 
1.6 Objectives 
General objective:  
Our main aim was to explore the association between pregnant women’s residential 
proximity to polluting industrial facilities in Spain and the risk of adverse reproductive 
outcomes during the period 2004-2008. 
Specific Objectives: 
1. To describe the spatial pattern of very and moderate preterm births, very and 
moderate low weight at birth and small for gestational age among all births 
registered in Spain between 2004 and 2008.  
2. To analyze the association between the women’s residential proximity to 
industrial facilities during gestational period and the risk of having a very or 
moderate preterm delivery, a newborn with very or moderate low weight or 






















CHAPTER 2: METHODS  
 
2.1 Design 
Ecological study using municipalities as the units for analysis. 
2.2 Sources of Data 
Data from births was collected from the vital statistics registry of the Spanish National 
Statistics Institute (INE). In order to preserve the anonymity of registers, individual 
information on municipality of residence and mother address is not published in vital 
statistics webpage. Therefore, this data was formally requested and, after the 
formalization of a confidentiality agreement between the research group members and 
the registry, data was provided.  
The Environment Ministry facilitated to the group of Environmental and Cancer area 
of National Center of Epidemiology form Carlos III Health Institute a database on 
industrial facilities releasing pollutants to air. The group gave us the database together 
with the shape files of Spanish provinces and municipalities, the municipal coordinates 
of the administrative centroids (town centre) and the adjacency matrix defining the 
neighbours of each of the Spanish municipalities. 
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Municipal level covariates information was downloaded from the Population and 
Housing Section of the National Statistics Institute.  
Birth data: Spanish vital statistics collects annual information from civil registries on 
all births, death or alive, occurred in the country and individual information about 
some characteristics of mothers and newborns (Appendix I). Registration is 
compulsory for all births occurring in the Spanish territory.  
The Spanish National Statistics Institute provided us with a database of all singleton 
live births registered in the country between 2004 and 2008. Individual socio-
demographic and sanitary information included in this database were:  municipality of 
residence, age, country of origin, educational level and profession of the mother and 
gestational age (weeks) and birth weight (grams) of the newborns. 
- Municipality of residence of the mother includes name of municipality and an 
INE code that allows to identifying each municipality uniquely. 
- Mother age was classified according to the very established categorization used 
in reproductive health studies: adolescent mothers (<20 years old), normal age 
mothers (20-34) and mature mothers (≥35).  
- Country of origin was classified into two big groups attending to economical 
situation of the country: 
• Non-economic Immigrants: Immigrant mothers coming from countries 
with similar or better economical condition than Spain, including 
Central and North-West Europe, North America and Oceania countries. 
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• Economic Immigrants: Immigrant mothers coming from countries with 
unfavorable economical conditions, including Latin-America, North-
East Europe, Northern-Africa and Sub-Sahara countries. 
- Educational level of the mother was classified into two big groups: Primary 
school or higher education finished and illiterate or without primary school 
finished. 
- Profession of the mother was classified into four big groups: Non Manual work, 
manual work, no work and not classified.   
More detailed information on categorization of variables is available in appendix II. 
Using data on gestational age and birth weight, the adverse reproductive outcomes of 
interest were defined as: 
- Very preterm birth (VPTB): Born before 33 weeks of gestation. 
- Preterm Birth (PTB): Born between 33-36 weeks of gestation. 
- Very low birth weight (VLBW): Weight at birth less than 1500 grams.  
- Low Birth Weight (LBW): Birth weight between 1500 and 2500 grams.  
- Small for gestational age (SGA): Gender-specific birth weight below the 10th 
percentile for local babies of the same gender and gestational age.  
Pollution Data: Databases on Spanish industrial facilities and their releases to air are 
available for 2007, 2008 and 2009. They collect information about name, address, 
coordinates of location and type of activity. In addition, 91 different types of specific 
pollutant releases from all industries whose emissions to air, water and land are over 
the established thresholds are registered. 
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 All regulations about the quality of the data collected in the European PRTR registries 
refer to the quality of the reported emissions but do not pay much attention to the 
accuracy of the reported geographic position of EPER industries. A recent validation 
study of the geographic position of EPER-Spain (the antecedent of PRTR-Spain in force 
until 2007)  industries revealed that for 2001 database of EPER registry, only 7% of 
industries where accurately positioned (less than 500 meters from the registered 
coordinates). Updates of these coordinates carried out in 2006 aroused this percentage 
to 34%, which still leaves a huge amount of industries wrongly positioned [92].  
The group of Environmental and Cancer area of The National Center of Epidemiology 
in Carlos III Health Institute and specifically Javier Garcia Perez, Pablo Fernandez , 
Rebeca Ramis and Elena Boldo under the direction of Gonzalo Lopez-Abente, have 
been working in the meticulous revision of each of the industries included in IPPC 
database for 2007, first year of obligatory reporting. As a result they count with a 
dataset containing all geo-coded addresses on all industries releasing pollutants to air, 
checked and corrected. Description on this database has already been published [93]. 
For this ecological study we used the information on 2458 facilities, representing all 
industrial facilities registered in IPPC releasing pollutants to air (whether or not they 
exceed the established thresholds). Despite the fact that births database collects 
information on all births registered from 2004-2008, we only used 2007 data since we 
considered that it was the only set with accurate and reliable geographic information 





The industrial facilities were classified into 24 groups of activity summarized and 
described in table 2.2.1. From the original dataset, facilities developing activities with 
scarce industrial presence (less than 2 plants in the whole Spanish territory) and 
facilities not releasing pollutants to the atmosphere were excluded.  
Table 2.2.1: Description of activity groups 
Activity Groups Description 
Combustion Thermal power stations and other combustion installations 
with a power superior of 50MW 
Refineries and coke ovens Mineral Refineries and coke ovens 
Metallurgical Production and transformation of metals 
Galvanization Plants for galvanization of metals 
Surface treatment of metals and 
plastic  
Surface treatment of metals and plastic materials using an 
electrolytic or chemical process 
Mineral industry Underground Mineral industry and related operations 
Cement and Lime Installations for the production of: 
Cement clinker in rotary kilns, Lime in rotary kilns, 
Cement clinker or lime in other furnaces 
 
Glass and mineral fibers Installations for the manufacture of glass, including glass 
fibers and installations for melting mineral substances, 
including the production of mineral fibers 
 
Ceramic Installations for the manufacture of ceramic products by 
firing, in particular roofing tiles, bricks, refractory bricks, 
tiles, stoneware or porcelain 
Organic chemical industry Chemical installations for the production on an industrial 
scale of basic Organic chemical industry 
Inorganic chemical industry Chemical installations for the production on an industrial 
scale of basic Inorganic chemical industry 
Fertilizers Chemical installations for the production on an industrial 
scale of phosphorous-, nitrogen- or potassium-based 
fertilizers (simple or compound fertilizers) 
Biocides Chemical installations for the production on an industrial 
scale of basic plant health products and of biocides 
Pharmaceutical products Installations using a chemical or biological process for the 
production on an industrial scale of basic pharmaceutical 
products 
Production of explosives Installations for the production on an industrial scale of 
explosives and pyrotechnic products 
Hazardous waste. Installations for the recovery or disposal of hazardous 
waste 
Non-hazardous waste Installations for the incineration of non-hazardous waste in 
the scope of Directive 2000/76/EC of the European 
Parliament and of the Council of 4 December 2000 on the 
incineration of waste and Landfills. 
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Table 2.2.1(cont): Description of activity groups 
Activity Groups Description 
Disposal or recycling of animal 
waste 
Installations for the disposal or recycling of animal 
carcasses and animal waste and independently operated 
industrial waste-water treatment plants which serve one or 
more activities of this annex. 
Urban waste-water treatment 
plants 
Urban waste-water treatment plants 
Paper and board Industrial plants for the production of paper and board and 
other primary wood products 
Pre-treatment or dyeing of textiles Plants for the pre-treatment (operations such as washing, 
bleaching, mercerization) or dyeing of fibers or textiles 
Food and beverages sector Food and beverages sector 
Organic Solvents Use Installations for the surface treatment of substances, objects 
or products using organic solvents, in particular for 
dressing, printing, coating, degreasing, waterproofing, 
sizing, painting, cleaning or impregnating 
Shipyards Installations for the building of, and painting or removal of 
paint from ships 
 
Census data: The Spanish National Statistics Institute publishes yearly information 
about population size for all Spanish municipalities. This data was used to calculate a 
unique population size for each municipality as an average of the population size 
between 2003-2008.  This variable was afterwards categorized in three levels: less than 
2000 inhabitants, 2000-10000 inhabitants, more than 10000 inhabitants. 
Population and Housing census are published every 10 years by the National Statistics 
Institute and collects very important socio-demographic information at a census 
section level. Last census data was published in 2001. For this study we used 
information on: 
- Habitability index (0-100): Starting at 100 and losing scores for noise, pollution 
and bad smells, dirty streets, bad communications, scarce green areas, 
delinquency and vandalism, absence of bathroom inside the house, dilapidated 
building, absence of running water or sewage water evacuation system, no gas 
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pipe, non accessible with a wheel chair,  no elevator for houses over 3rd floor, 
absence of heating devices, overcrowding, very old building or unfavorable 
type of accommodation (Mobile, semi permanent or improvised). 
- Unemployment rate: Calculated as a rate between unemployed population 16 
years old or over and active population 16 years old or over. 
- Socioeconomic level: Calculated as a combination of occupation, activity and 
professional situation.  
- Percentage of mono-parental families: Percentage of families composed by an 
only parent without a partner and one or more children.  
- Number of vehicles per household: Number of vehicles divided by number of 
households in each municipality.  
The National Statistics Institute provides more detailed information on the definition 
of these variables [94] . 
Municipal coordinates and maps: The already mentioned group of Environmental 
and Cancer area of National Center of Epidemiology form Carlos III Health Institute, 
with a long experience in industrial pollution and cancer research also provided us 
with the shape files of municipalities and provinces of Spain to map the distribution of 
our events. They also facilitated the coordinate’s information of municipality 
administrative centroids defined as the town administrative center, necessary for the 
analysis of effects of residential proximity to industrial facilities in reproductive 
outcomes. The adjacency matrix defining the neighbors for each of the Spanish 
municipalities used in models to smooth rates was also provided by this group. 
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2.3 Database Transformation: From administrative data to geographical 
units of analysis 
To explore the association between industrial pollution and birth outcomes, the 
information contained in both databases needed to be linked by identifying proximity 
of mother’s residence to each type of industry. Since it was not possible to have access 
to the coordinates of exact location of mothers address it was necessary to decide 
which geographical unit will be used for the mapping of the outcomes and posterior 
analyses.  
Thus, births database contains information about municipality of the mother, 
population size information is given at a municipal level, population and housing 
census database contains information on municipality to which each of the census 
section belongs and information on coordinates of municipal centroid was available. 
Given that the smaller geographical unit common to all databases for which we have 
geographical information was municipality, we worked at a municipal geographical 
level.  
Population size database was already built at a municipal level but births database had 
individual information on each birth and population and housing census summarized 
information for census sections (smaller than municipalities). Therefore, to combine all 
three databases it was necessary to aggregate data of birth and population and housing 
census to a municipal level.  
Birth data: Individual data on singleton births was aggregated to a municipal level by 
counting: Number of live births; number of cases of very preterm birth, moderate 
preterm birth, very low birth weight, moderate low birth weight and small for 
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gestational age. It was also calculated for each of the municipalities: proportion of 
adolescent mothers (<20 years old), proportion of mature mothers (≥35 years old), 
proportion of immigrant mothers coming from countries with economical difficulties, 
proportion of illiterate mothers or without primary school education completed, 
proportion of mothers with manual work.  
The number of municipalities was smaller in the births database than in coordinates, 
population and census databases because only 7221 of the 8098 municipalities had at 
least one birth registered for the period 2004-2008. In order to check that none of these 
municipalities were missing in births database for administrative errors we checked 
the population size of all of them. All 877 municipalities were relatively small (7 to 895 
inhabitants) and therefore number of births for these municipalities were assumed to 
be 0. 
 Census data: Data on population and housing was provided at a census section level 
and was also aggregated by calculating the municipal average weighted by size of the 
census section for: habitability index, unemployment rate, socioeconomic level, 
percentage of mono-parental families and number of vehicles per home. 
All three sets of births, population size and population and housing census data, were 
combined into one database with information for the 8098 Spanish municipalities on: 
number of live births, number of VPTB, MPTB, VLBW, MLBW and SGA births, 
proportion of adolescent mothers (<20), proportion of mature mothers (≥35 years old), 
proportion of immigrant mothers coming from countries with economical difficulties, 
proportion of illiterate mothers or without primary school education completed, 
proportion of mothers with manual work, population size in 3 categories (<2000, 2000-
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10000, ≥1000), habitability index, unemployment rate, socioeconomic index, proportion 
of mono-parental families and mean number of vehicles per household. 
 
2.4 Descriptive analysis and mapping 
Outcomes of interest and other variables included in the study were described by 
means of basic descriptive statistics. 
As stated in the introduction describing municipal distribution of risk is not that 
straightforward, using municipal counts or rates (number of cases/number of live 
births) is not the best option to draw general conclusions, especially when estimations 
are based on populations of very different size as is the case. Areas with low 
population have a small denominator and therefore rates with large variability and 
extreme values may appear misleading the interpretation of the map. The most widely 
used strategy to approach this problem is to estimate the spatial distribution of risk by 
means of Bayesian hierarchical models [95] and specifically using Besag, York and 
Mollié model (BYM). This model was introduced by Clayton and Kaldor [96], 
developed by Besag, York and Mollié [97] and subsequently applied in the field of 
ecological studies  [98].  Traditionally these types of models have been adjusted using 
Markov chain Montecarlo (MCMC) sampling techniques that require a huge amount of 
resources in terms of computation capacity and time. Recently Harvard Rue and Sara 
Martino have published a new technique to approximate Bayesian inference for latent 
Gaussian models by using integrated nested Laplace approximation [99]. The group 
developed the package INLA that allows the user to implement such models using R 
software to obtain results in a few minutes reducing dramatically the time of 
computation and the amount of resources used.  
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The class of “disease mapping” models is often latent [97, 100, 101] and therefore the 
INLA approach is fully applicable and give practically identical results to MCMC 
sampling methods when adjusting BYM models [99, 102]. 
Adjustment of such models requires the calculation of the number of expected cases in 








Where the national raw rate for each of the outcomes was calculated as follows: 

































* All live births with complete information on gestational age 
** All live births with complete information on birth weight 
*** All live births with complete information on gestational age and birth weight 
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Where:  λi is the relative risk in municipality i 
Oi is the number of observed cases of the outcome in area i. 
Ei is the expected number of cases of the outcome in area i. 
hi is the municipal heterogeneity term form a Normal distribution. 
bi is the spatial term from a Car.Normal distribution 
τh is the hyperparameter of the normal distribution 
τb is the hyperparameter of the Car.Normal distribution 
 
BYM model includes two random effects: hi that is independent for each area and 
represents the heterogeneity among municipalities and bi that allows each area to 
borrow information from neighbors so that the expected value of the spatial random 
effect for municipality i conditioned to the rest of the areas is an average of such effect 
in the contiguous municipalities. The criterion of contiguity used was adjacency of 









































Figure 2.4.1 Random Effects 
                             h                                                                                                                       b 
        
 
 
Smoothed municipal relative risk and posterior probabilities were calculated for each 
of the outcomes and municipalities by fitting BYM models using the integrated nested 
Laplace approximation.  
Smoothed relative risk and posterior probabilities (PP) of relative risks being greater 
than one were drawn in a Spanish map of municipalities for each of the reproductive 
outcomes. The smoothed RRs maps enable homogeneous areas to be delimited and PP 
maps allows determining which of the areas have a significant higher risk. Posterior 
probabilities over 0.8 identify regions with higher risk [103]. 
 
2.5 Sensitivity Analysis: Choosing the distance threshold for near vs. 
far analysis. 
After describing the spatial distribution of relative risk of very and moderate preterm, 
very and moderate low birth weight and small for gestational age, linking birth with 
industrial pollution data was needed to measure the effect that proximity of mother’s 
residence to industrial pollutant facilities has in reproductive outcomes. For that 
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purpose a near vs. far analysis was proposed. This sort of analysis measure the increase 
in risk due to proximity of residence to a pollutant point by identifying which 
municipalities (and its births) have “near” at least one facility developing each type of 
industrial activity.  
When individual geo-coded information is available proximity analysis is less 
problematic since it is sensible to think that, for significant associations, risks will be 
higher as we get closer to the pollutant point. In those cases small distances are 
selected as a threshold to define near vs. far. 
As has already been mentioned, the geographical unit for this ecological study was 
defined as the municipality of inscription of birth, assumed to be the residence of the 
mother during pregnancy. Distance from the industrial facility to mother’s residence 
was calculated as the distance from the facility to the administrative centroid of the 
municipality of residence of the mother. Therefore, choosing a small distance to define 
the threshold would exclude a considerable amount of cases from the analyses, 
especially in big municipalities where industries are localized in the surroundings. 
That would reduce the number of observations, increasing the variability with the 
consequence of more imprecise estimations. On the other hand choosing long distances 
would mix exposed with non-exposed (or less exposed mothers) diluting the real effect 
that residing close to a pollutant resource can have in reproductive results. 
In order to choose the most convenient distance to fix the threshold to classify 
municipalities into near and far from each type of industrial facility, a sensitivity 
analysis was carried out. A variety of threshold distances lying within the most 
commonly used in environmental studies at a Spanish municipality level [79, 104-106] 
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or birth outcomes and pollution studies in other countries [51, 58, 107] were 
considered: 2km, 3km , 4km and 5km.   
Euclidean distance between each 8098 of the municipality centroids (xi, yi) and each of 









For each of the 4 threshold distances considered 24 new categorical variables were 
calculated, one for each of the industrial activities explored. For each distance 
threshold d and industrial facility type k, the new variable would have the following 
three possible categories for municipality i: No industrial pollutant facilities within a 
radius of d km form municipality’s i centroid; One or more industrial pollutant 
facilities within a radius of d km form municipality’s i centroid but not of type k; One 
or more industrial pollutant facilities, at least one of type k, within a radius of d km 
form municipality’s i centroid [106]. 
To obtain the crude smoothed relative risk of very and moderate preterm, very and 
moderate low birth weight and small for gestational age associated to each of the 
industrial activities, a BYM model was adjusted for each combination of the 5 
outcomes,  24 activity groups and 4 threshold distances (480 models in total). The 
Besag, York and Mollié models were built by adding the new variable with 










Relative risks (RR) and 95% credible intervals (CrI) resulting from models where 
summarized by means of forest plots. 
 
2.6 Assessing the association between proximity to pollutant industrial 
facilities and risk of adverse reproductive outcomes. 
After choosing the most adequate threshold distance d to classify municipalities into 
near and far from each type of industrial facility considered in the study, raw and 
adjusted BYM models were fitted using nested Laplace approximation.  
Defining near as those municipalities within a radius of d km, a raw model for each 
combination of the 5 outcomes and 24 industrial activity groups was fitted. Relative 
risks and 95% credible intervals resulting from models where summarized by means of 
forest plots. 
Considering the same distance threshold, an adjusted model for each combination of 
the 5 outcomes and 24 industrial activity groups was fitted. Variables included in the 
model as potential confounders were: proportion of adolescent mothers (<20 years 
old), proportion of mature mothers (≥35 years old), proportion of immigrant mothers 































coming from countries with economical difficulties, proportion of illiterate mothers or 
without primary school education completed, population size (<2000 inhabitants, 2000-
10000 inhabitants and ≥10000 inhabitants), habitability index, unemployment rate, 
socioeconomic level, percentage of mono-parental families and number of vehicles per 
household.  Relative risks and credible intervals resulting from models where 































CHAPTER 3: RESULTS 
 
 3.1 Descriptive analysis and mapping 
 
During the period 2004-2008, 2326444 single births were registered in the 8098 
municipalities of the Spanish territory, of whom 2319555 (99.65%) were live births. 
Data on gestational age and birth weight was missing for 15.17% and 4.71% of live 
births respectively and data on small for gestational age was missing for 17.06% of live 
births. 
Table 3.1.1 summarizes the distribution of the characteristics of newborn and the 
mother. Prevalence of very and moderate preterm birth was 0.95% and 5.24% 
respectively, while 0.60% and 5.67% of newborns had very and moderate low birth 
weight and 10.6% babies were classified as small for gestational age. 
The proportion of women coming from countries with unfavourable economical 
conditions was 15.60%, 2.92% and 24.26% of deliveries were from adolescent and 
mature mothers respectively, 24.00% of the women developed a manual work and 
14.60% were illiterate or did not finish primary school. 
Regarding the distribution of births by population size of municipalities, 93738(4.04%) 
births were inscribed in small municipalities with <2000 inhabitants, 349492(15.07%) in 
municipalities between 2000 and 10000 inhabitants and 1876325 (80.90%) in 





Table 3.1.1 Main characteristics of newborns and mothers or all 
singleton births occurring in Spain in 2004-2008 
Variable n (%) 














Newborn small for gestational age  
Small for gestational age 
Normal for gestational age 
193543(10.6%) 
1730386(89.94%) 
Origin of the mother  
Spain 












Profession of the mother  








Educational level  
Primary school finished or mare 807334(85.40%) 
Illiterate or without primary school finished  137993(14.60%) 







*Figures do not add up because of missing values 
 
Table 3.1.2 summarizes the main characteristics of Spanish municipalities according to 
the last census, elaborated in 2001. Despite the fact most births occur in municipalities 
with more than 10000 inhabitants, they represent only the 8.64% of the municipalities, 
followed by a 19.25% of municipalities with a population size between 2000 and 10000, 
being the majority (72.10%) of them municipalities with less than 2000 inhabitants.  
The mean (sd) habitability index was 57.53 (sd=11.25) over a maximum score of 100 
and socioeconomic level mean score was 0.93. The median unemployment rate was 
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9.30% of active population, 15% of the families have a mono-parental family nucleus 
and the mean number of vehicles per household was 0.95. 
Table 3.1.2 Main characteristics of Spanish municipalities (census 2001) 
Variable Descriptive 







Habitability Index          mean(sd) 57.53(11.25) 
Socioeconomic Level          mean(sd) 0.93(0.20) 
Unemployment Rate       median(IQ) 9.30(5.79-14.18) 
Proportion of mono-parental families mean(sd) 0.15(0.07) 
Number of vehicles per household      mean(sd) 0.95(0.30) 
 
Figure 3.1.1 summarizes the spatial distribution of the total number of live births. 
There is a great concentration of births in municipalities from Andalusia, Murcia, 
Madrid and most of Castilla la Mancha as well as Alicante, Asturias, Badajoz some 
areas of Zaragoza and all seaside municipalities (including the islands). On the other 
hand a very low number of births in most of the areas of Castilla León and Aragón is 
expected. Maps for outcomes are very similar since bigger absolute numbers are 


























Figure 3.1.1 Distribution of total number of births 
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The following maps draw the spatial distribution of the smoothed relative risk and 
posterior probability of very and moderate preterm birth, very and moderate low birth 
weight and small for gestational age. 
Distribution of relative risk and posterior probability for preterm birth 
(PTB=VPTB+MPTB) and low birth weight (LBW=VLBW+MLBW) is available in 
appendix III. 
Figures 3.1.2 and 3.1.3 depict the smoothed RRs and spatial distribution of posterior 
probabilities being greater than 1 for very preterm birth. There is a big area of RRs 
between 1.05-1.10 that covers municipalities in middle Spain in provinces of Avila, 
Salamanca North Caceres and Toledo, however only the subareas with RRs bigger than 
1.1 were significant. As posterior probabilities map shows, some municipalities of 
Canary Islands, Ceuta and Melilla, Almeria, Murcia, Madrid and Toledo have a 
significant higher risk of VPTB. However no spatial pattern was observed. 
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Figure 3.1.2 Municipal distribution of smoothed relative risk of VPTB 
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Figure 3.1.3 Municipal distribution of posterior probability of VPTB 










Municipal distribution of smoothed relative risk and posterior probability of MPTB are 
summarized in figures 3.1.4 and 3.1.5. Some significantly high (PP>0.8) and very high 
(PP> 0.9) risk areas of MPTB where found in many of the Andalusian municipalities 
except for those from Jaen. There are also some significant spots in Tenerife, Ciudad 
Real, Badajoz, Madrid and Zaragoza and Huesca and catches especial attention the 
case of Murcia, with most of its municipalities showing significant risks over 1.3. The 
Andalusia and Murcia focuses of high risk might be indicating a pattern north-south 
with increased risk in the south of Spain. 
Figure 3.1.4 Municipal distribution of smoothed relative risk of MPTB  
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Figure 3.1.5 Municipal distribution of posterior probability of MPTB 
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From relative risks and posterior probabilities municipal distribution described in 
figures 3.1.6 and 3.1.7 only a significant higher but weak risk of VLBW in Madrid 
Capital, and a bit stronger significant RR in the islands of El Hierro, Tenerife, Gran 


















Figure 3.1.6 Municipal distribution of smoothed relative risk of VLBW 
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Figure 3.1.7 Municipal distribution of posterior probability of VLBW 














As shown in Figures 3.1.8 and 3.1.9 relative risk of moderate low birth weight was 
especially high in medium size clusters of municipalities belonging to Asturias and 
Madrid some of them extending to Guadalajara, an area in Lugo, a few of 
municipalities in Tenerife and Albacete and Zaragoza capital.  Again, no pattern was 
observed. 
 
Figure 3.1.8 Municipal distribution of smoothed relative risk of MLBW 






























Figure 3.1.9 Municipal distribution of posterior probability of MLBW 
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Municipal distribution of relative risk of SGA and posterior probability are depicted in 
figures 3.1.10 and 3.1.11. A high risk cluster municipalities with high of SGA was 
found in Asturias and A Coruña. In those areas low risk of preterm and high risk of 
low birth weight were found indicating that babies form those regions are small even 
being delivered after the 36th week of gestation. Some other areas, previously identified 
as neutral risk areas of preterm and low birth weight (neither higher nor lower risk) are 
pointed out in SGA maps as high risk areas, whole Salamanca and Avila, part of 
Caceres, Zamora, Leon, Valladolid municipalities and a small cluster in Palencia and 
Burgos, nearly the whole territory of Guadalajara, part of Cuenca, Girona, Albacete 
and Valencia and some municipalities of Cordoba, Jaen and Granada. Newborns from 
these areas are therefore, mostly babies with an adequate gestational age and birth 
weight, even though they have a lower weight than expected. To end up, some 
municipalities of Zaragoza, Alicante, Tenerife, Gran Canaria and Lanzarote showed 
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high risk of preterm, low weight and small for gestational age. Therefore babies in 
these areas have a weight under the expected for their gestational age even if they 
already are premature. These areas represent the most extreme cases of adverse results 
in Spain. 
Figure 3.1.10 Municipal distribution of smoothed relative risk of SGA 
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Figure 3.1.11 Municipal distribution of posterior probability of SGA 








List of municipalities showing the highest significant risk of each of the outcomes are 
available in Appendix II for more detailed information. 
3.2 Sensitivity Analysis: Choosing the distance threshold for near vs. 
far analysis. 
Ceramic (457), followed by food and beverages sector (310), treatment of metals and 
plastics (248), production of transformation of metals (172), Organic chemical industry 
(149), non-hazardous waste (144) and combustion (138) are the most common type of 
industries in Spain.  Shipyards (8), refineries and coke ovens (12) and biocides (12) are 
the less frequent activities developed by Spanish industries. In all cases the number of 
municipalities around pollutant industrial facilities increases dramatically as the radius 
threshold is expanded, indicating that there is a big difference in the number of cases 
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considered “near” on which estimations will be based depending on the distance 
threshold selected.  
Table 3.2.1 Total number of facilities of each type and number of municipalities within a 
radius of 2km, 3km, 4km and 5km from each of them.  
  
Number of municipalities within 
a radius of  
Activity Groups 
Total industrial 
facilities 2km 3km 4km 5km 
Combustion 138(5.61%) 48 95 160 233 
Oil and gas refineries 12(0.49%) 4 8 12 20 
Production/transformation of metals 172(7%) 142 270 404 550 
Galvanization 36(1.46%) 23 39 57 74 
Treatment of metals and plastic  248(10.09%) 189 386 595 840 
Mining 33(1.34%) 14 23 37 58 
Cement and Lime 70(2.85%) 34 68 122 172 
Glass and mineral fibers 56(2.28%) 28 56 93 137 
Ceramics 457(18.59%) 300 465 699 976 
Organic chemicals 149(6.06%) 98 206 319 448 
Inorganic chemicals 70(2.85%) 35 86 130 182 
Production of Fertilizers 23(0.94%) 17 30 46 62 
Production of Pesticides 12(0.49%) 8 18 25 33 
Production of Pharmaceutical 
products 55(2.24%) 38 91 146 196 
Production of explosives 58(2.36%) 31 59 96 151 
Recovery or disposal of 
hazardous/municipal waste. 90(3.66%) 45 93 171 255 
Incineration of non-hazardous waste 
and landfills 144(5.86%) 28 85 147 231 
Disposal or recycling of animal 
carcasses/waste 38(1.55%) 23 48 88 118 
Urban waste-water treatment plants 86(3.5%) 32 93 164 253 
Paper and board 88(3.58%) 86 148 231 326 
Textile (treatment) 25(1.02%) 28 47 65 91 
Slaughterhouses 310(12.61%) 171 326 525 731 
Organic Solvents Use 80(3.25%) 49 101 160 232 
Shipyards 8(0.33%) 4 7 9 11 
 
 
The sensitivity analysis was carried out by calculating, for each of the outcomes and 
distance threshold, the increase in risk due to proximity to each type of industry. Risks 
for 2km, 3km, 4km and 5km where compared for all outcomes. Only results for MLBW 
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and VLBW are used to justify the conclusion reached, but decision was made based on 
all 5 outcomes behavior (very similar to the ones exposed). Those two outcomes were 
chosen because they showed the most significant associations with industrial pollution 
making differences between different thresholds more noticeable. They also constitute 
two examples of a relatively high prevalence and late stage pregnancy adverse 
reproductive outcome (MLBW) and low prevalence and early stage pregnancy 
reproductive adverse outcome (VLBW). Both frequency and stage of pregnancy can 
make a difference in associations found, the former because precision of estimations 
depend greatly in the frequency of occurrence of the event and the last because the 
length of pregnancy is an indicator of the length of the time of exposure. 
Additional information on the risk behavior for the other outcomes in relation to 
distance threshold analyzed is available in appendix III. 
Figure 3.2.1 summarizes the RR and 95% credible intervals for moderate low birth 
weight. Comparing results obtained with 2km and 3km results, substantial differences 
in Risk Ratio values and credible intervals amplitude can be observed. From all 
significant associations found between VPTB and proximity to each type of industrial 
facility few groups showed smaller RRs for 2km than for 3km threshold (biocides (1.13 
vs. 1.09), non-hazardous waste (1.10 vs. 1.08) and disposal or recycling of animal waste 
(1.13 vs. 1.09) and for most of them risk was higher when using 3km threshold. Lower 
risk for 3km distance might be due to a dilution of the effect (since includes further and 
less exposed births) or due to more precise estimations, but, whichever the cases is the 
estimations did not lose its significance. Extending distance to 4km did not seem to 
have a general effect in RRs, sometimes increase, and sometimes decrease. However 
CrIs narrow and some associations became significant (Refineries and coke ovens, 
production and transformation of metals, Mineral industry and Fertilizers). For 5km 
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the trend was to shrank RRs towards 1 making some significant associations non 
significant even with narrower credible intervals.  Similar results were observed for 
MPTB and SGA also relatively high prevalence and late stage pregnancy adverse 
reproductive outcomes. Based on these first comparisons we could conclude that, for 
this type of outcomes and using Spanish municipalities as geographical units, we need 
to define thresholds above 3km to increase the sample size and get stable estimations. 
However, widening the limit too much could dilute the effect, missing some 


























Figure 3.2.1 Non-Adjusted relative risk of MLBW by type of industrial activity and distance threshold. 
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Figure 3.2.2 summarizes the RRs and 95% credible intervals for very low birth weight. 
Credible intervals narrowed greatly when expanding radius from 2km to 3km. No 
association between VLBW and proximity to any of the industrial groups was found for 
2km threshold distance but borderline significant association between risk of VLBW and 
proximity to pharmaceutical products production, hazardous, non-hazardous and animal 
waste, food and beverage plants and shipyards was found when using 3km threshold. 
Credible intervals continue to narrow as radius increased but effect was diluted, 
approaching RRs to one and loosing significance of effects found with 3km analyses. 
Behavior was similar for very preterm birth, also a low prevalence early stage outcome. 
Based on these observations, we also conclude that we should define thresholds above 
3km to get a sufficient sample size to make stable estimations. Again, we need to be 
careful and stay close to this distance since effect dilutes as we increase the threshold. 
 
In both cases, low and high prevalence outcomes, pattern seemed to be the same for all 
distances, modifying the increase in the threshold distance the magnitude and 
significance of the association but not its direction. Given that the most commonly used 
threshold distances used in these type of studies lye between 2 and 7.5km [51, 58, 79, 
104-107] and that our sensitivity analysis suggest that under 3km we do not get enough 
sample size to make stable estimations but as we approach to 5km effects dilutes we 
decided to use a middle point between 2km and 5km distances. 3.5km was the distance 
threshold used for the assessment of the association between proximity to pollutant 
industrial facilities (by group of activity) and risk of very preterm birth, moderate 
preterm birth, very low birth weight, moderate low birth weight and small for 






Figure 3.2.2 Non-Adjusted Relative risk of VLBW by type of industrial activity and distance threshold. 
 
          2 km     3 km 
Combustion
















Disposal or recycling of animal waste
Urban waste-water treatment plants
Paper and board
Pre-treatment or dyeing of textiles


























































































































































0.6 0.8 1 1.2 1.4 1.6 1.8  
 
          4 km      5 km 
Combustion
















Disposal or recycling of animal waste
Urban waste-water treatment plants
Paper and board
Pre-treatment or dyeing of textiles






























































































































































3.3 Assessing the association between proximity to pollutant industrial 
facilities and risk of adverse reproductive outcomes. 
Table 3.3.1 summarizes the total number of municipalities lying within 3.5km to each 
one of the industrial groups. Ceramic (589), followed by treatment of metals and 
plastics plants (488),  food and beverages sector (427),  metallurgical (328) and organic 
chemical industry (255) were the industrial activities with more municipalities within a 
3.5km. Shipyards (7), refineries and coke ovens (11) and production of biocides (21) 
were the less frequent activities developed by Spanish industries. 
Table 3.3.1 Total of municipalities within a radius of 3.5km from each type of industry.  
Activity Group <3500km Activity Group <3500km 
Combustion 130 Biocides 21 
Refineries and coke ovens 11 Pharmaceutical products 119 
Metallurgical 328 Production of explosives 75 
Galvanization 47 Hazardous waste. 126 
Surface treatment of metals and 





Disposal or recycling of animal 
waste 68 
Cement and Lime 
94 
Urban waste-water treatment 
plants 120 
Glass and mineral fibers 72 Paper and board 184 
Ceramic 
589 
Pre-treatment or dyeing of 
textiles 53 
Organic chemical industry 255 Food and beverages sector 427 
Inorganic chemical industry 105 Organic Solvents Use 131 







Figures 3.3.1 and summarizes the crude and adjusted relative risk and 95% 
credible intervals (CrI) of very preterm birth for residential proximity to each 
one of the industrial gro*ups. Unadjusted RRs showed a borderline protector 
effect of leaving near to metallurgical or treatment of textile plants. Such effect 
smoothed to became non significant when adjusting by proportion of adolescent 
mothers, proportion of mature mothers, proportion of immigrant mothers coming 
from countries with economical difficulties, proportion of illiterate mothers or without 
primary school education completed, population size in 3 categories, habitability 
index, unemployment rate, socioeconomic index, proportion of mono-parental families 
and mean number of vehicles per household. However adjusted relative risk of VPTB 
was a 7% (95%CrI=(-2%-16%)) higher for mothers in municipalities within a 3.5km 























Figure 3.3.1 Crude and adjusted relative risk of VPTB by type of industrial activity. 3.5km. 
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Results for moderate preterm birth are summarized in figure 3.3.2. Positive association 
found between risk of MPTB and municipality of residence close to Organic chemical 
industry facilities disappeared when adjusting. The adjusted model revealed a higher 
risk of MPTB for mothers leaving in municipalities near to plants of galvanization 
(RRa=1.10, 95%CrI=1.00-1.21), recovery or disposal of hazardous waste (RRa=1.08, 
95%CrI=1.00-1.17)  and glass and mineral fibres production (RRa=1.07, 95%CrI=0.98-




Figure 3.3.2 Crude and adjusted Relative risk of MPTB by type of industrial activity. 3.5km. 
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Figure 3.3.3 summarizes crude and adjusted RR of very low birth weight by industrial 
activity and 95% credible intervals. Association between VLBW and proximity of 
mothers’ municipality to shipyards found in the raw model disappeared when adjusting 
for the covariables. The adjusted model for VPTB outcome showed an increase in risk of  
7%(95%CrI=0%-15%), 8%(95%CrI=-1%-19%),  13%(95%CrI=2%-25%), 13%(95%CrI=0%-
27%) and 5%(95%CrI=-1%-11%) for mothers living in municipalities close to Ceramic, 
pharmaceutical products, non hazardous waste, animal waste  and food and beverages 






































Figure 3.3.3 Crude and adjusted Relative risk of VLBW by type of industrial activity. 3.5km. 
 
                    CRUDE                                                                             ADJUSTED 
Combustion
















Disposal or recycling of animal waste
Urban waste-water treatment plants
Paper and board
Pre-treatment or dyeing of textiles


























































































































































0.7 0.8 0.9 1 1.1 1.2 1.3 1.4  
60 
 
Same results for moderate low birth weight are summarized in figure 3.3.4. Risk of 
MLBW seems to be associated with proximity facilities of most of the industrial groups 
in both models, but association with proximity to metallurgical, fertilizers and urban 
waste-water treatment plants lost significance when adjusting for the variables already 
mentioned. Positive association between adjusted risk of MLBW and proximity of 
municipal residence of the mother  to combustion (RR=1.05;95%CrI=1.02-1.09), 
galvanization (RR=1.07;95%CrI=1.02-1.12), surface treatment of metals and plastic 
(RR=1.06;95%CrI=1.03-1.09), mineral industry (RR=1.10;95%CrI=1.00-1.21), glass and 
mineral fibres (RR=1.06;95%CrI=1.02-1.11),  ceramic (RR=1.03;95%CrI=1.00-1.07), 
organic chemical industry (RR=1.07;95%CrI=1.03-1.12), inorganic chemical industry 
(RR=1.05;95%CrI=1.01-1.09), biocides (RR=1.08;95%CrI=1.01-1.16), pharmaceutical 
products (RR=1.08;95%CrI=1.03-1.12), hazardous waste (RR=1.07;95%CrI=1.03-1.11), 
non-hazardous waste (RR=1.06;95%CrI=1.02-1.11), disposal or recycling of animal waste 
(RR=1.11;95%CrI=1.05-1.17), paper and board (RR=1.07;95%CrI=1.03-1.11), food and 
beverages sector (RR=1.06;95%CrI=1.03-1.08) and organic solvents (RR=1.05; 




Figure 3.3.4 Crude and Adjusted Relative risk of MLBW by type of industrial activity. 3.5km. 
 
         CRUDE                                                                        ADJUSTED 
Combustion
















Disposal or recycling of animal waste
Urban waste-water treatment plants
Paper and board
Pre-treatment or dyeing of textiles


























































































































































0.95 1 1.05 1.1 1.15 1.2
62 
 
Results for Small for gestational age are summarized in figures 3.3.9 and 3.3.10. Higher 
risk detected in raw model for proximity to glass and fibres, ceramic and pharmaceutical 
products lost significance after adjustment. Significant higher risk was found for 
mothers leaving near industrial facilities from groups of combustion 
(RR=1.04;95%CrI=1.01-1.08), surface treatment of metals and plastic 
(RR=1.04;95%CrI=1.01-1.06), cement an lime (RR=1.05;95%CrI=1.00-1.09), organic 
chemical industry (RR=1.05;95%CrI=1.02-1.09), inorganic chemical industry 
(RR=1.04;95%CrI=1.00-1.08), biocides (RR=1.08;95%CrI=1.01-1.16), pharmaceutical 
products (RR=1.07;95%CrI=1.03-1.12), recovery or disposal of hazardous and municipal 
waste (RR=1.06;95%CrI=1.02-1.11), incineration of non hazardous waste and landfill 
(RR=1.05;95%CrI=1.01-1.10), disposal or recycling of animal carcasses  and waste 
(RR=1.10;95%CrI=1.04-1.16), paper and board (RR=1.07;95%CrI=1.03-1.11), food and 
beverages sector (RR=1.06;95%CrI=1.03-1.08) and organic solvents use 
(RR=1.05;95%CrI=1.01-1.08). All of these industrial groups were also associated with 




Figure 3.3.5 Crude and adjusted Relative risk of SGA by type of industrial activity. 3.5km. 
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CHAPTER 4: DISCUSSION 
 
Our results indicate some municipalities of the Canary islands are high risk areas for 
very and moderate preterm and low birth weight as well as small for gestational 
outcomes. Areas of Murcia and Seville showed higher risk of moderate preterm birth 
and some of Asturias an elevated risk of moderate low birth weight and small for 
gestational age. Relative risk of small for gestational age was also bigger than expected 
in municipalities of Caceres, north Alicante and Albacete and south Cuenca. 
Residential proximity to production of pharmacological products plants was found to be 
associated with higher risk of VPTB, VLBW, MLBW and SGA. Stronger relative risk in 
terms of magnitude and significance were found for installations related to management 
of hazardous, non hazardous and animal waste. Other exposures to certain type of 
industrial pollution were also found to be borderline associated with adverse 
reproductive outcomes. 
Lack of overlap between high risk regions in maps. 
Prematurity and low birth weight are adverse reproductive results assumed to be closely 
linked. Therefore, maps describing prevalence and risk of both outcomes are expected to 
overlap, especially when considering extreme categories of gestational age and birth 
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weight. However, premature babies are not always as small as they are expected to be, 
in fact results obtained for general population showed that 52% of very preterm births 
were also very low birth weight cases but, 48% of them had a birth weight over 1500 
grams.  To understand this phenomenon it is important to point out that VPTB babies 
weighting more than 1500 grams had a median gestational age of 32 weeks, and 
therefore most of them were in the upper limit of the VPTB category.  
The same trend was observed for moderate preterm births; only 40% of moderate 
preterm births were also moderate low birth weight infants, being most of them (58%) 
considered to be within a normal weight range.  However, these MPTB babies weighted 
more than 2500 grams had a median gestational age of 36 weeks, and therefore most of 
them were in the upper limit of the MPTB category.  
The described patterns were observed when mapping the relative risk, with a 
coincidence of significant risk areas of VPTB and VLBW in Madrid Capital (weak but 
significant) and the islands of El Hierro, Tenerife, Gran Canarias and Lanzarote but 
some other areas with significantly high risk of VPTB did not show excess of risk of 
VLBW.  
Regarding the risk for MPTB and MLBW, lack of overlap was also evident in Asturias, 
only with a higher risk of MLBW and in areas from Andalusia and the Murcia region 
with higher risk of MPTB but not of MLBW.  
Finally, areas with low risk of preterm and high risk of low birth weight were 
consequently identified as high risk areas of SGA. On the other hand areas with high 
risk of prematurity but low risk of low birth weight showed small probability of SGA. 
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It would be expected that industrial pollutants associated to an increase in risk of very 
preterm and low birth weight would also increase the risk of moderate outcome. 
However, according to our results proximity pharmaceutical industries and ceramic 
plants increased the risk of VPTB and VLBW but no association was found with MTPB 
or MLBW. A potential explanation could be a higher vulnerability to certain exposures 
during the first months of gestation [37-39]. 
Differential time exposures could be the explanation for associations between some 
industrial groups and risk of moderate outcomes but no risk of very preterm and very 
low birth weight. It seems reasonable to expect more associations for late than early 
pregnancy adverse events. 
Except for the case of ceramic plants, all positive associations found to be significant for 
VLBW showed also significant higher risk ratio for MLBW. Apart from the increase in 
risk found for proximity to cement and lime and organic chemical industry all other 
industrial activities related to higher risk of SGA were also associated with low birth 
weight (very or/and moderate).  
Validity of data 
 A recent study has been carried out in Spain validating the accuracy of some of the 
National Institute’s birth data trough comparison with hospital based registries in two 
Spanish autonomous communities [108]. Weeks of gestation and weight at birth seemed 
to be accurately collected and therefore its use for general population studies is very 
reliable. 
Regarding to the accuracy of the industrial facilities localization, data is highly 
trustworthy. The Environmental Health and cancer group of Carlos III health institute 
68 
 
has a great experience with PRTR data. Every single address on their databases was 
carefully checked using Google earth images to ensure that localization of the industrial 
facility is exactly positioned where it should be. Same high standards where kept for the 
assignation of municipality administrative centroids and definition of adjacencies. We 
therefore believe that geographical information is also very accurate. 
 
Comparison of results 
In Spain various research groups are currently working in the exploration of industrial 
pollution effects in cancer but few groups in our county are working in projects 
exploring its effects in reproductive results. Most of them are cohort studies using 
individual exposures to specific pollutants coming from any type of resource all of them 
included in the already mentioned INMA study [109].  
Spatial distribution of risks in our study is consistent with the annual prevalence o low 
birth weight and preterm by Spanish regions documented for de Ministry of Health 
[110]. Thus, regions with higher prevalence of VPTB during period 2004-2007 were also 
identified in our study as regions with higher risk of VPTB. The same occurs with 
regions of low prevalence. Ceuta and Melilla are the only exception, since they are very 
small territories with no neighbors and information on each other is used to smooth its 
rates of risk. Therefore, if risk for one of them is very big or very small the second one’s 
risk tends to approach the former one. According to health registry Ceuta had a lower 
prevalence of VPTB than general population but we found it to be a higher risk area.  
Melilla in turn had a prevalence of VPTB similar to the average for general population 
but in our study shows a higher risk because of the influence of Ceuta. Cases where only 
one neighbor’s information was used to smooth rates were not frequent, 96% of 
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municipality risk where calculated using at least information on 3 municipalities. Given 
the small number of municipalities in which this phenomenon happens this should not 
have any influence in final results. 
Regarding to low birth weight, health ministry data revealed a prevalence of low birth 
weight bigger than the general population prevalence for Asturias, Aragon, Valencia, 
Canarias and Madrid mostly matching with our results for very and moderate low birth 
weight.  
Comparison with studies in other countries was not always possible given the 
differences in the types of industrial activities analyzed.  When no similar studies where 
found, if available, results from occupational exposure were used to validate our results. 
We found more significant associations between proximity to industrial facilities and 
risk of low birth weight than for risk of preterm (for each of its categories). That is 
consistent with some reviews published suggesting that there is evidence of association 
between air pollution and risk of low birth weight but is still insufficient to ensure 
associations with preterm birth [111]. Same happens with other exposures such as 
environmental tobacco [112]. 
Evidences of association between preterm and low birth weight with proximity to 
combustion and thermal plants was found in other studies [51, 52] matching up with our 
results. Some other studies also support our findings of no association between adverse 
reproductive outcomes and proximity to refineries and coke ovens [59, 60] or 
metallurgical plants [60, 61]. 
As our results suggest some evidence of increase in risk of LWB (closely related to SGA) 
due to proximity to treatment of metals and plastic plants [113]  has been found. Also 
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evidence of association between occupational exposure to welding fumes and metal 
dusts (that are generated in galvanization processes) and PTB and LBW was found [114]. 
We did not find studies exploring the closeness to cement and lime glass, mineral fibers 
and ceramic plants nor even results for occupational exposures of such industrial 
processes. 
Proximity to plants developing mineral industry related activities such as coke works or 
coal combustion plants were found to be associated with high risk of LBW [52-54] 
coinciding with our findings. 
Chemicals are usually explored in general (not differentiating organic and inorganic) 
and never to industrial pollution, however significant associations with LBW and SGA 
[115, 116] and exposure to chemicals were found. 
We did not find any scientific publication relating biocides with high risk of the 
outcomes under study, however, studies about exposure to agricultural pesticides, 
found a positive association with risk of LBW and SGA [117] as in our results.  
There were no publications about proximity to plants producing fertilizers, 
pharmaceutical products and explosives. Catches de attention the absence of literature 
regarding to pharmaceutical products production companies, since it is an activity 
associated with higher risk of 4 of the 5 adverse outcomes under study.  
Association between increased risk of MPTB and proximity to recovery or disposal of 
hazardous and municipal waste was supported for other studies [55, 58, 118]  as well as 
association with LBW and SGA [57, 107, 119, 120] and closeness to incineration of non-
hazardous waste and landfill sites. However no studies for risk of proximity to 
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management of animal waste were found, despite the fact that is one of the stronger 
associations we observed even with VLBW. 
We did not find any publications about effects of proximity to urban waste-water 
treatment plants in reproductive outcomes. Nevertheless, some studies support our 
findings of no evidence of higher risk of adverse results for nearness to textile plants 
[121, 122] 
Information on food and beverages sector activity was not found. An increase in risk of 
LBW and SGA (and not PTB) due to organic solvents occupational exposure was 
published in various studies [74, 75, 123] supporting our results. 
No publications of effects of proximity to shipyards and paper and board plants were 
found.  
To end up, we would like to mention that for most of studies exploring the effects of 
proximity to industrial facilities and adverse reproductive outcomes mentioned in this 




Missing values  
Data on gestational age and birth weight was missing for 15.17% and 4.71% of newborns 
registered respectively. It seems reasonable to consider to what extent these missing 
values would distort our results, especially under the assumption that they correspond 
to women with poorer reproductive outcomes. In order to check this possibility we 
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calculated the distribution of weight among babies with no data for gestational age: 67% 
of them were bigger than 2500 grams and only 4% were low birth weight babies (0.4% 
VLBW). The other 29% had missing data for both measures. This distribution of birth 
weight is not consequent with the hypothesis of smallest babies being the ones with 
missing data in births records. In consequence, we don’t believe missing is happening 
non-at-random and therefore the absence of such information won’t be influencing the 
final results. 
Ecological fallacy 
As has been already mentioned ecologic studies make inferences about individuals 
using aggregated data rather than data on individuals. However, grouped data on 
exposure and covariates is not usually individual reliable and therefore precise 
conclusions are not possible. Ecological bias occurs when information on within-area 
variability in exposures and confounders is lost but a number of distinct consequences 
occur as a result of this variability [124]. 
 When mapping disease, this type of bias was not a problem since we did not used 
covariates in the adjustment of models to obtain municipal risks.  
The association analyses might be influenced by this type of bias and this is one of the 
most important limitations of our study.  
Unit of analysis 
Knowing the exact position of mother’s address would have allowed us to make more 
accurate estimations of the effect that exposure to industrial pollution can have in 
reproductive outcomes. However, geo-coding more than 2 million births is an expensive 
and time consuming process that requires special funding and training. Using 
73 
 
municipality as the unit of analysis implies loosing information that can affect to the 
magnitude of the final associations. In order to achieve a big enough number of exposed 
mothers-municipalities to reduce the variability of the estimations we need to widen the 
thresholds. That might be diluting the real effect, since pregnancy represents a 
maximum of a 9 months exposure time for the fetus and therefore is probable that only 
high and frequent exposures have a real effect in baby’s health. Nevertheless, we might 
me missing some associations, but we believe that the ones found to be significant are 
very reliable, even if they are not very strong. In any case, if different, such associations 
might be stronger than our results suggest. 
Distance threshold:  
Distance threshold used in other studies depends greatly on the information available 
about pollutant resources and health data.  Different approaches are used depending on 
geographical information available. For the cases of studies with no individual 
information on exact mothers’ residence, in some occasions authors consider exposed 
those women whose residence is localized in the same area (postal code, city, census or 
municipal area) of the industrial facility [119, 125], some other use centroid of area to 
calculate distance to pollutant plant with distance thresholds varying from 2 to 7.5km 
[51, 53, 57, 107]. When exact, or very accurate localization of residence of the mother is 
know, very short distances (usually 1km) are used to measure the effect of exposure 
[118].  
In Spain, distances from 2km to 5km are the most commonly used for studies using 
EPER data to explore the association between industrial pollution and cancer outcomes 
using municipality as the geographical unit of analysis [79, 104-106]. When choosing 
distances under 2km we did not find enough municipalities with industrial facilities 
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around to carry out the analyses for all industrial groups, giving as a result estimations 
with a high variability. Even with 2km we did fail to achieve significance for various 
associations due to the great variability resulting of estimations with insufficient number 
of cases.  
Looking at our results and comparing with distances threshold used in other studies, we 
think our choice was very sensible. 
Exposure 
Some of the methodological difficulties that arise from the study of the effects of 
pollution in health can partly explain the weakness of the associations found (RR=1.13 
maximum strongest association). On the one hand, sources of pollution are not unique; 
traffic related or occupational pollution is a clear example of that.  That makes very 
difficult the selection of non exposed individuals. We chose mothers whose residence 
was established in municipalities with no industrial plants within 3.5km from its 
centroid, independently of the traffic-related pollution of such municipality or the 
occupational exposure to which the mother was exposed. Therefore, in some occasions 
control mothers were also contaminated. Adjusting by number of vehicles per house 
hold and percentage of mothers doing manual work (that includes production workers), 
might attenuate this problem but, given that we are using aggregated data, part of it still 
remains. 
On the other hand, industrial facilities tend to be grouped, as a result some mothers can 
have more than one exposure, and hence their risk is not consequence of emissions from 
an only source. Interaction effect of industries might be possible and should also be 
explored in further studies. 
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Another factor that could be influencing the magnitude of the association is the use 
isotropic models to fit our regressions. They assume that exposure is equally distributed 
in all directions which is usually untrue. Factors such as temperature, precipitations or 
wind direction can affect the direction and even the intensity in which fumes, and 
therefore, pollution are distributed. Municipalities located in one concrete direction 
might receive more pollutants than others within the same radius but different position. 
However, counts of both of them are included as exposed cases diluting the real effect. 
More sophisticated anisotropic models or even individual measurements could be 
considered as possible solutions to this problem. 
However, it is important to highlight one of the most important strengths of 
environmental studies in reproductive health, that is the absence of induction periods. 
Fetal development in uterus is a clearly delimited period and therefore exposure is.  We 
worked with all births happening in Spain between 2004 and 2008 linked with exposure 
data of 2007 and therefore we think the exposure information is very precise for a study 
of these characteristics.  
Missing information on potential confounders 
As mentioned in the introduction many factors have been demonstrated to have an 
effect in the reproductive results. We did not have information on prenatal care, 
cigarette consumption or substance abuse closely related to adverse gestational age and 
weight adverse results. However, it has become popular to attempt to control for these 
variables using area-level measures of socioeconomic status. Even if they cannot  pickup 
the subtleties of the real measurements they represent a good approach since 





This study has a clear problem of multiple testing, over different areas and outcomes in 
the case of disease mapping and over different types of industry and also outcomes in 
the case of associations. Multiple testing problems arise when the chances of finding a 
statistically significant result are increased by the realization of a high number of tests. 
From a frequentist point of view, working with a 95% confidence level we would expect 
5% of the associations to be found by chance. When mapping disease risks found for 
VPTB and VLBW results could be due to chance given the small amount of areas found. 
However, some of them overlap consolidating the validity of results. In the case of 
MPTB, MLBW and SGA significant associations were found for more than 5% of 
municipalities. When modeling associations we fitted 120 models, one for each 
combination of the 24 industrial activities and 5 outcomes. Some results could be due to 
chance (probably the less significant) but given the number of associations and the 
strength of some of them it is unlikely that all our results are due to chance.  
 
Despite all the limitations it is important to point out that no other studies relating 
industrial pollution to adverse reproductive outcomes in Spain have been published so 
far. On the other hand, many of the few studies about industrial pollution carried out in 
other countries explore the association between adverse reproductive outcomes and 
proximity to a specific type of industry (usually petrochemical and waste management 
industries). No other studies exploring such big amount of associations has been 
published up to now and no publications exploring the associations to many of the 
industrial groups we included were found. We believe that given the originality of this 
study in Spain, the high quality of the data in which is based and the high amount of  
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associations explored (even when compared with studies from other countries)  our 






































CHAPTER 5: CONCLUSIONS 
1. Spatial distribution of relative risk of very preterm birth, very low birth 
weight, moderate low birth weight and small for gestational age did not 
show any pattern, but a greater concentration of high risk municipalities 
in the south of Spain was found for Moderate preterm birth.  
2. Some municipalities Canary Islands showed increased risk for all 
outcomes. Murcia and Seville contain big areas of increased risk of 
moderate preterm birth and regions of Asturias and Madrid showed the 
biggest relative risks of moderate low birth weight. Big clusters of 
significantly high risk of small for gestational age outcome were found in 
north-west and south-east Spain. 
3. Residential proximity to waste management companies, showed the 
strongest associations, increasing the risk of very low birth weight in a 
13%, moderate low birth weight in an 11% and moderate preterm birth 
and small for gestational age in a 7%. The most noxious activity seemed to 
be the disposal or recycling of animal waste. 
80 
 
4. Residential proximity to pharmaceutical companies was associated with 
higher risk of very preterm birth, very low birth weight, moderate low 
birth weight and small for gestational age. 
5. Industrial pollution seemed to have a bigger negative on birth weight than 
in a reduction of the gestational age. 
6. No associations were found between residential proximity to refineries 
and coke ovens, metallurgical industry, production of explosives, urban 
waste-water treatment plants, textile activities or shipyards, and increased 
risk for any of the outcomes. 
7. The choice of the distance threshold in “near vs. far” environmental 
analyses should be made carefully, since it can greatly influence the final 
results. 
8. Given the information available and the shortness of the induction periods 
when evaluating effects of exposure in reproductive results, the control of 
the adverse reproductive outcomes can represent a very useful and 
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Appendix II: Information on grouping of variables. 
 
1. Mothers area of origin: Mother’s nationality was grouped into two categories that 
classify women into mothers from countries with unfavorable economic situation 
(economic immigrants) and mothers coming from countries with similar or better 
economic situation than Spain (non economic immigrants). 






Andorra, Australia, Austria, Belgium,   Canada, Cyprus, Denmark, Finland, 
France,  Germany, Greece, Iceland, Ireland, Italy, Liechtenstein, Luxemburg, 
Malta, Monaco, Netherlands, New Zeeland, Norway, Papua  guinea, Portugal, 
San Marino, Santa Vatican, Spain, Sweden, Switzerland, Tonga, United 





Afghanistan,  African Countries with no diplomatic relationships, Albany, 
Algeria, Angola, Antigua & Barbuda, Arab Emiriates, Arabia Saudi, Argentina, 
Armenia, Asian countries with no diplomatic relationships, Azerbaijan, 
Bahamas, Bahrain, Bangladesh, Barbados, Belarus, Belize, Benin, Bolivia, Bosnia 
Herzegovina, Botswana, Brazil, Brunei, Bulgaria, Burkina Faso, Burundi, 
cambia, Cameroon, Cape Verde, Central-Africa Republic, Chad, Chile, China, 
Colombia, Comoros, Congo, Congo, Costa Rica, Croatia, Cuba, Czech Republic, 
Djibouti, Dominica, Dominican Republic, Ecuador, Egypt, el Salvador, 
Equatorial Guinea, Estonia, Ethiopia, European Countries with no diplomatic 
relationships, Gabon, Gambia, Georgia, Ghana, Granada, Guatemala, Guinea, 
Guinea-Bissau, Guyana, Haiti, Honduras, Hungary, India, Indonesia, Iran, Iraq, 
Israel, Ivory Coast, Jamaica, Japan, Jordan, Kazajstan, Kenya, Kirgizstan, Korea, 
Kuwait, Laos, Latvia, Lebanon, Lesotho, Liberia, Libya, Lithuania, Macedonia, 
Madagascar,  Malawi,  Malaysia, Maldives, Mali, Mauricio, Mauritania, Mexico, 
Moldavia, Mongolia, Morocco, Mozambique, Myanmar, Namibia, Nepal, 
Nicaragua, Niger, Nigeria, North Korea, Oman, Pakistan, panama, Paraguay, 
Peru, Poland, Qatar, Romany, Ruanda, Russia, San Cristobal and Nieve, San 
Vicente & las Granadinas, Santa Lucia, Santo tome & Principe, Senegal, Serbia 
and Montenegro, Seychelles, Sierra Leone, Singapore, sir lank, Slovenia, 
Slovenian Republic, Somalia, South Africa, Sudan, Surinam, Swaziland, Syria, 
Tadyikistan , Taiwan, Tanzania, Thailand, The Philippines, Togo, Trinidad & 
Tobago, Tunisia, Turkey, Turkmenistan, Uganda, Ukraine, Uruguay, 
Uzbekistan, Venezuela, Vietnam, Yemen, Zambia, Zimbabwe. 
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2. Categorization of mothers’ profession: Mother profession was grouped from 
original to new categories as shown in table II.2 
 
Table II.2: Categorization of mothers’ profession in 4 groups. 
New  
Classification Old Classification 
No manual work 
 
Profesionales, Técnicos y trabajadores asimilados; Personal directivo de la 
Administración Pública y de las empresas; Personal administrativo y 
personal asimilado; Profesionales de las  fuerzas armadas. 
Manual work 
 
Comerciantes y vendedores; Personal de los servicios; Agricultores, 
ganaderos, arboricultores, pescadores y cazadores; Trabajadores de la 




Estudiantes; Personas dedicadas a las labores de su hogar; Jubilados, 
pensionistas y rentistas; Profesionales de las  fuerzas armadas. 




















Appendix III: Other Results 
 
III.1 Disease Mapping 
FigureII.1.1 Municipal distribution of relative risk of PTB 








 >  1.5  
FigureII.1.2 Municipal distribution of posterior probability of PTB 








FigureII.1.3 Smoothed Risk spatial distribution of LBW 








 >  1.5  
FigureII.1.4 Municipal distribution of relative risk of LBW 










III. 2 Municipalities with Highest Risk 
Table III.1 List of municipalities with VPTB relative risk over 1.5 and posterior 
probability of RR over 1 greater than 0.8 
Municipality name  Province RR PP 
Frontera Santa Cruz De Tenerife 3.04 0.98 
Palmas De Gran Canaria (Las) Las Palmas 1.51 1.00 
Valverde Santa Cruz De Tenerife 2.91 0.98 
 
Table III.2 List of municipalities with MPTB relative risk over 1.5 and posterior 
probability of RR over 1 greater than 0.8 
Municipality Name  Province RR PP 
Aielo De Malferit Valencia 1.60 0.99 
Algarinejo Granada 1.54 0.98 
Alhama De Aragon Zaragoza 1.63 0.98 
Alhendin Granada 3.66 1.00 
Almachar Malaga 2.90 1.00 
Arenas Malaga 1.70 0.99 
Añora Cordoba 2.08 1.00 
Barcarrota Badajoz 1.53 0.98 
Casasimarro Cuenca 1.77 0.99 
Cañete De Las Torres Cordoba 1.87 1.00 
Cijuela Granada 2.04 1.00 
Corcubion La Coruña 1.69 0.95 
Cuevas Del Campo Granada 4.39 1.00 
Cutar Malaga 1.52 0.97 
Encinasola Huelva 1.80 0.99 
Entrambasaguas Cantabria 1.78 1.00 
Fuente Palmera Cordoba 2.29 1.00 
Güimar Santa Cruz De Tenerife 1.76 1.00 
Herrera Sevilla 1.56 0.99 
Lancara Lugo 1.65 0.99 
Marinaleda Sevilla 4.31 1.00 
Membrilla Ciudad Real 1.81 1.00 
Neves (As) Pontevedra 1.82 1.00 
Olivenza Badajoz 1.53 0.98 
Orellana La Vieja Badajoz 1.92 1.00 
Priego De Cordoba Cordoba 1.64 1.00 
Rosal De La Frontera Huelva 1.96 1.00 
Salobreña Granada 1.57 0.99 
San Sebastian De La Gomera Santa Cruz De Tenerife 1.68 0.97 
Selaya Cantabria 1.75 0.99 
Tocina Sevilla 6.56 1.00 
Villanueva De Tapia Malaga 1.89 1.00 
98 
 
Table III.3 List of municipalities with VLBW relative risk over 1.5 and posterior 
probability of RR over 1 greater than 0.8 
Municipality name  Province RR PP 
Agaete Las Palmas 1.50 1.00 
Agüimes Las Palmas 1.57 1.00 
Artenara Las Palmas 1.50 1.00 
Firgas Las Palmas 1.50 1.00 
Frontera Santa Cruz De Tenerife 4.33 1.00 
Galdar Las Palmas 1.51 1.00 
Mogan Las Palmas 1.51 1.00 
Palmas De Gran Canaria (Las) Las Palmas 1.53 1.00 
San Nicolas De Tolentino Las Palmas 1.50 1.00 
Santa Lucia Las Palmas 1.54 1.00 
Tejeda Las Palmas 1.50 1.00 
Telde Las Palmas 1.51 1.00 
Teror Las Palmas 1.51 1.00 
Valleseco Las Palmas 1.51 1.00 
Valverde Santa Cruz De Tenerife 4.26 1.00 
Vega De San Mateo Las Palmas 1.54 1.00 
 
 
No observations in the case of MLBW and just 1 observation in the case of SGA were 
found with significant relative risks over 1.5 where found to be significant. The 
maximum significant RR for MLBW found was 1.29 and 99 percentile for SGA was 1.26.  
In order to show the most significant cases for MLBW outcome we reduced the limit for 
RR to 1.2 in those two cases. 
 
Table III.4 List of municipalities with MLBW relative risk over 1.2 and posterior 
probability of RR over 1 greater than 0.8 
Municipality name  Province RR PP 
Ajalvir Madrid 1.21 0.99 
Alcala De Henares Madrid 1.27 1.00 
Arona Santa Cruz De Tenerife 1.21 0.99 
Coruña (A) La Coruña 1.21 1.00 
Icod De Los Vinos Santa Cruz De Tenerife 1.22 0.99 
Mieres Del Camino Asturias 1.21 1.00 













Table III.5 List of municipalities with SGA relative risk over 1.5 and posterior 
probability of RR over 1 greater than 0.8 
Municipality name  Province RR PP 
Agüimes Las Palmas 1.23 1.00 
Alba De Tormes Salamanca 1.20 0.98 
Aldealengua Salamanca 1.22 0.97 
Aldearrubia Salamanca 1.21 0.98 
Aldeatejada Salamanca 1.26 0.99 
Aller Asturias 1.20 0.99 
Arapiles Salamanca 1.28 1.00 
Argelaguer Girona 1.20 0.95 
Astorga Leon 1.26 0.99 
Barbadillo Salamanca 1.21 0.98 
Besalu Girona 1.29 0.97 
Buenavista Salamanca 1.21 0.97 
Buñol Valencia 1.20 0.99 
Cabrerizos Salamanca 1.25 1.00 
Calvarrasa De Abajo Salamanca 1.23 0.99 
Calvarrasa De Arriba Salamanca 1.25 0.99 
Camariñas La Coruña 1.21 0.92 
Campillo De Arenas Jaen 1.24 0.99 
Canillas De Abajo Salamanca 1.20 0.96 
Carbajosa De La Sagrada Salamanca 1.39 1.00 
Carrascal De Barregas Salamanca 1.21 0.99 
Castellanos De Moriscos Salamanca 1.22 0.98 
Castellfollit De La Roca Girona 1.26 0.95 
Doñinos De Salamanca Salamanca 1.21 0.98 
Ferrol La Coruña 1.23 0.99 
Florida De Liebana Salamanca 1.20 0.96 
Galindo Y Perahuy Salamanca 1.21 0.98 
Haria Las Palmas 1.22 0.91 
Machacon Salamanca 1.21 0.96 
Martinamor Salamanca 1.22 0.97 
Mejorada Del Campo Madrid 1.21 0.99 
Mieres Del Camino Asturias 1.27 1.00 
Miranda De Azan Salamanca 1.33 0.99 
Mislata Valencia 1.21 0.99 
Moncada Valencia 1.22 1.00 
Montagut Girona 1.22 0.98 
Morille Salamanca 1.21 0.96 
Moriscos Salamanca 1.22 0.98 
Mozarbez Salamanca 1.25 0.99 
Munera Albacete 1.27 0.99 
Olot Girona 1.52 1.00 
100 
 
Table III.5 (Cont) List of municipalities with SGA relative risk over 1.5 and 
posterior probability of RR over 1 greater than 0.8 
Municipality name  Province RR PP 
Pelabravo Salamanca 1.28 0.99 
Petrer Alicante 1.20 0.99 
Preses (Les) Girona 1.26 0.99 
Rinconada De La Sierra (La) Salamanca 1.20 0.93 
Ripoll Girona 1.25 0.99 
Riudaura Girona 1.26 0.99 
Rollan Salamanca 1.20 0.96 
Salamanca Salamanca 1.29 1.00 
San Morales Salamanca 1.22 0.92 
San Pedro De Rozados Salamanca 1.21 0.99 
San Pedro Del Valle Salamanca 1.20 0.96 
Sant Feliu De Pallerols Girona 1.20 0.97 
Sant Jaume De Llierca Girona 1.22 0.97 
Sant Joan Les Fonts Girona 1.31 1.00 
Santa Marta De Tormes Salamanca 1.35 1.00 
Santa Pau Girona 1.23 0.99 
Terradillos Salamanca 1.27 0.99 
Tortella Girona 1.20 0.92 
Utiel Valencia 1.21 0.99 
Valdemierque Salamanca 1.23 0.97 
Vall De Bianya (La) Girona 1.27 0.99 
Vallfogona De Ripolles Girona 1.21 0.96 
Vega De Tirados Salamanca 1.21 0.96 
Villagonzalo De Tormes Salamanca 1.22 0.98 
Villares De La Reina Salamanca 1.29 1.00 

















III. 3 Sensitivity Analysis 
 
Figure III.3.1 Non-Adjusted Risk of VPTB by type of industrial activity and distance threshold 
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Figure III.3.2 Non-Adjusted Risk of MPTB by type of industrial activity and distance threshold 
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Figure III.3.3 Non-Adjusted Risk of PTB by type of industrial activity and distance threshold. 
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Figure III.3.4 Non-Adjusted Risk of LBW by type of industrial activity and distance threshold 
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Figure III.3.5 Non-Adjusted Risk of SGA by type of industrial activity and distance threshold. 
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III.4 Final Results 
 
Figure III.4.1 Crude and Adjusted Risk of PTB by type of industrial activity. 3.5km. 
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Figure III.4.2 Crude and Adjusted Risk of LBW by type of industrial activity. 3.5km. 
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